reported that obesity varies considerably between geographic areas. 7, 8 However, we know little about geographic variations in child obesity in NZ and whether the recent decline in childhood obesity has been distributed evenly across areas. It is possible that some areas might have been more positively affected than others by the health promotion campaigns surrounding obesity. There are reasons to believe that obesity may vary between communities: there are geographical differences in ethnic composition, levels of deprivation and other factors associated with obesity; the physical and institutional features of some areas may contribute to a more 'obesogenic environment'; 9-11 and regional public health campaigns and interventions may have resulted in local reductions in obesity.
However, most previous studies of child obesity in NZ did not have sufficient sample size to examine temporal obesity trends at subnational levels. 5, 12 In 2008, the New Zealand Ministry of Health introduced the B4 School Check (B4SC) program to monitor growth (and other health and developmental indicators) at four years of age prior to school entry at age five. 13, 14 Current Ministry of Health guidelines require that children identified as obese by the B4SC are referred to a health professional for clinical assessment and family-based nutrition, activity and lifestyle interventions. B4SC data provide an opportunity to examine childhood obesity for NZ territorial authorities using almost the entire population of fouryear-olds.
The major aim of this paper is to describe the possible variations in childhood obesity levels across communities in NZ during the period 2010/11-2015/16, specifically:
1. Do levels of childhood obesity vary between communities in NZ?
2. Do trends in childhood obesity in 2010/11 to 2015/16 vary between communities?
3. To what extent can variations in obesity between communities be explained by differences in socioeconomic deprivation, ethnic composition and urbanicity?
Methods

Data
The B4SC is a universal program offered to all families in NZ with four-year-old children. Individuals could belong to one or more of these ethnic groups. Affiliation with more than one ethnic group is common in NZ ethnic classification (24.1% of the current sample belonged to multiple ethnic groups). The variables used in the model were the percentage of children in a given community who belonged to each ethnic group (estimated using data from children who attended the B4 School check). Ethnicity information was available for all children in the sample. However, because of small numbers of children in the 'MELAA' and 'Other' ethnic groups we do not present results for these groups.
Deprivation
NZ Deprivation Score (NZDep) was calculated from the child's meshblock of usual residence at the time of the B4SC, 10 where each meshblock was assigned a score from 1 (least deprived) to 10 (most deprived). The NZDep variable used in the model was the mean NZDep score for B4SC participants in a given community. Deprivation information was available for 99.8% of children in the sample.
Urbanicity
The standard classification of urban/rural areas in NZ 19 is a five-point classification:
1) Main urban (centred on a city or major urban area, population of at least 30,000); 2) secondary urban (centred on larger regional centres, population 10,000-29,999); 3) minor urban (centred around smaller towns, population 1,000-9,999); 4) rural centre (population 300-999); and 5) other rural. These were collapsed into two groups: urban (main urban, secondary urban, and minor urban area) and rural (rural centre and other rural). The variable used in the model was the percentage of B4SC participants in a given community who lived in an urban area. Urbanicity information was available for 99.8% of children in the sample.
Statistical analysis
Data were analysed using Stata 14 20 and were aggregated to the community level (n=78) for analysis. We present the characteristics of children partaking in the B4SC for each community, including obesity prevalence for each year and, for each community, the predicted prevalence in the first year ('intercept') and the rate of change across years ('slope'). These allowed us to assess the extent to which communities differed at the start of the time period (intercept), and the extent to which characteristics of the community changed over time (slope).
We used a linear growth model to assess differences in obesity at the community level, whereby we modelled community-level mean obesity levels over time. Specifically, we assessed whether there were differences in the intercepts (initial differences in obesity levels between communities) and slopes (different rates of change over time for communities). We allowed the intercept and slope to co-vary, as is customary in linear growth models. 22, 23 The linear growth model is analogous to a 'multilevel model, ' whereby year is nested within communities. The growth model was fit using the 'mixed' command in Stata with an unstructured covariance matrix. 23 Note that we analyse data for six years for n=65 communities and for five years for the remaining n=13 communities (i.e. the Auckland wards, which had low coverage in the first year) and the 'All of NZ' analyses.
To determine the extent to which the rate of change in obesity levels (slopes) varied between communities we fit two growth models. The first allowed the intercepts to vary between communities but slopes were fixed, meaning communities could have different initial obesity levels but the change in obesity levels is constrained to be the same (random intercepts fixed slope model). The second allowed both the intercepts and slopes to vary between communities, meaning communities could have different initial obesity levels and different rates of change over time (random intercepts and random slopes model). Likelihood ratio tests were used to compare the models.
A significant difference would suggest that allowing for random slopes (a more complicated model) results in a better fitting model, whereas a non-significant difference would suggest that the fixed sloped model (a simpler model) performs just as well. In the case of the latter, the simpler model would be selected.
Results
Individuals with missing community data (n=492, 0.2%) were excluded from all analyses, leaving a final sample of 304,293 children. Overall 16% of the sample were obese. The number of children attending B4SC in each year varied between communities (mean=690, range=36 to 3,809). A summary of the demographic characteristics of the sample, by year, can be found in Table 1 .
Supplementary tables provide more detailed information. Supplementary Table  S1 shows the percentage of children who were obese in each community, by year. There was little change in the percentage of children attending B4SC by ethnicity within communities (see Supplementary Tables S4 to  S7 ). The largest changes existed in Auckland communities, where there was a two percentage point increase in Asian ethnicity per year in some communities such as Albany, North Shore and Howick. There was very little change in levels of socioeconomic deprivation and urbanicity over the study period (see Supplementary Tables S8 and S9) . These patterns in prevalence and change over time were similar using results for overweight In all the models in Table 2 the slope (and 95% confidence interval around it) was less than zero, indicating that the overall prevalence of obesity was decreasing over time.
Discussion
This study described variations in childhood obesity prevalence across NZ communities (TAs and Auckland wards) during the period 2010/11 to 2015/16 using B4SC data for fouryear-olds. We found considerable communitylevel differences in obesity prevalence, ranging from less than 10% to over 25%. In contrast, the pattern of change over time was similar across communities, with the majority of communities experiencing a decline in obesity, and the rate of decline was similar across communities. More than a third of the variation in obesity prevalence between communities could be explained by the socioeconomic and urban composition of the community, with around a further 10% explained by ethnic composition of communities.
This is the first study to explicitly study community-level differences in child obesity over time within NZ. We found up to a 15-percentage-point difference in obesity levels among four-year-old children between communities. This suggests that the community in which a child lives is a particularly strong predictor of their obesity risk. This is consistent with previous research showing that local environments are important predictors of child obesity risk. 24 The pathways through which environments influence obesity risk include the availability of energy dense foods, transport availability, and access to supermarkets and leisure facilities. 9, 18 The strength of these pathways may vary across different areas, 18 suggesting that policies may be most effective if they are tailored to the local environment. Understanding the relationships between child obesity and features of the spatial environment in NZ communities may be a useful approach to delivering more effective policy.
Individuals within communities tend to be more similar in terms of sociodemographic 25 Selection effects refer to the fact that individuals do not live in communities at random. 26 Characteristics of the communities, such as affordability or access to public transport attract individuals with similar characteristics. Socialisation processes mean that individuals within communities can become more similar over time as they influence each others' behaviour through the 'contagion' effects, whereby behaviours are learned and copied and through 'collective socialisation' , whereby communities have social norms and rules about acceptable behavior. 27 NZ TAs and wards, which form the basis of our community measure, represent local government entities and are the means through which local policy is decided and enacted. Whether community level differences are purely a compositional effect, whereby the large differences in obesity prevalence reflect the underlying different characteristics of the individuals within those communities, or whether community-level policies and practices are contributing to these differences, these data provide local authorities with information they need about the community they serve. We were able to account for 50% of the variance in community-level obesity prevalence based on socioeconomic and ethnic composition. There are two implications of this. First, it suggests that addressing the inequalities that lead to large differences in obesity between different deprivation and ethnic groups will have a large effect on between-community differences in obesity -indeed, there is scope to reduce these by 50%. In particular, communities with high proportions of Pacific ethnicity or high deprivation may benefit from targeted interventions to reduce obesity. Second, it suggests some community-level influence beyond socioeconomic and ethnic composition. A richer list of compositional variables, and important information on the context of the communities themselves, such as green space and fast food outlets, is needed to fully assess the impact of communities.
A strength of this study was the almost complete national sample of four-year-olds that was large enough to allow for subnational analysis. Using the Integrated Data Infrastructure, we were able to link children's obesity information from B4SC data to other government data to obtain information about community, deprivation and ethnicity.
Although we have excluded B4SC data from 2009/10 due to low coverage, in 2010/11 and 2011/12 there was still approximately onefifth of the eligible population that did not take part in B4SC. Coverage rates vary by year and by area. 14 Therefore, the sample could be selective, and may be more so in some communities than in others.
At the present time the B4SC data on fouryear-olds are the only whole population measure of child obesity available in NZ. This study highlights the value of B4SC data as a monitoring tool for childhood obesity and as a source of feedback for communities so that they can measure progress on pre-school obesity targets. Monitoring and surveillance is considered a key part of obesity prevention and management strategies. 28, 29 A whole population monitoring system exists in the United Kingdom where the National Child Measurement Programme (NCMP) measures height and weight when children start primary school (age four-five years), a similar age to the B4SC measure in NZ, and obesity prevalence is reported at community (local authority) level. 30 In contrast to NZ, however, the NCMP measures height and weight again when children start secondary school (age 10-11 years). Extending NZ's B4SC data by adding an additional whole population obesity measure in school age children would extend our ability to monitor and respond to changes in child obesity.
Conclusion
Child obesity prevalence varies considerably between NZ communities. Some, but not all, of this variability can be explained by demographic characteristics of the community. The remainder of the variability may be connected to aspects of the spatial or built environment that vary between communities, such as food, transport and green space availability. A deeper understanding of the ways in which these factors influence obesity in NZ communities will help us to tailor obesity policies more effectively to those communities most in need.
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